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1 | INTRODUCTION

Intrathecal baclofen (ITB) has successfully been used in patients
with severe spasticity of different etiologies for more than 30 years
(Albright, Barron, Fasick, Polinko, & Janosky, 1993; Albright, Cervi,
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Objective: Treatment with intrathecal baclofen (ITB) is commonly used in patients
with severe spasticity. However, complications may occur after implantation of the
ITB-device, albeit mainly procedure- and device-related problems. The aim of the
study was to assess surgical- as well as catheter- and pump-related complications and
define their risk factors.

Methods: We retrospectively evaluated all patients with an implanted ITB-device
who were treated at the Department of Neurology, Hochzirl Hospital, Zirl, Austria,
between 2006 and 2016.

Results: Twenty-nine of 116 (25%) patients experienced 32 complications: 5 proce-
dure- and 27 device-related (4 pump- and 23 catheter-associated) problems occurred.
Risk factors for sustaining any complication were a spinal localization of lesion (odds
ratio [OR] OR 2.71, p = .021), other catheter types than an Ascenda® catheter (OR
3.87, p = .041), a lower modified Rankin Scale (median 4 vs. 5; OR 2.86, p = .015) and
a higher Barthel Index (median 53 vs. 0; OR 2.84, p = .006). The median time from the
last ITB-related surgery to the first complication was 18 (IQR 1-57) months. Overall,
47% complications occurred within the first year after any surgical procedure regard-
ing the ITB-device, thereof 25% within the first month.

Conclusions: Procedure- and device-related complications are frequent after implan-
tation of an ITB-device with catheter-associated complications as the most frequently
encountered problems. Patients with a spinal origin of spasticity, a lower modified

Rankin Scale and a higher Barthel Index have a higher risk to sustain a complication.
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1985; Penn et al., 1989; Rawicki, 1999; Rifici et al., 1994). Treatment
of severe spinal as well as supraspinal spasticity with oral antispastic
medication often results in an insufficient response and is limited by
intolerable side effects. The therapeutic utility of ITB in the man-
agement of severe spasticity has been repeatedly demonstrated,
but nevertheless, complications may occur after the ITB-pump has
been implanted and therefore decrease therapeutic effects. The
classification often used in the literature comprises the differenti-
ation between procedure-related, device-related and drug-related
complications (Borrini et al., 2014; Turner, Sears, & Loeser, 2007). A
review made in 2010 only focused on procedure- and device-related
complications of ITB-administration (Stetkarova, Yablon, Kofler, &
Stokic, 2010): 558 complications were reported after 1,362 pump
implantations, of which 27% were related to surgical procedures, 7%
to pump problems, and 66% to catheter malfunctions.

In a prospective, observational cohort study in 158 adults
treated with ITB therapy and followed up for 1 year, 18% experi-
enced 38 adverse events (Borrini et al., 2014). Motta and coworkers
analyzed complications and risk factors in 200 consecutive chil-
dren and adolescents after intrathecal baclofen pump implantation
(Motta, Buonaguro, & Stignani, 2007). A statistically significant cor-
relation between the occurrence of a complication and patients with
an Ashworth Scale higher than 3 and an age of 10 years or younger
was found. In the largest series in 430 consecutive children treated
with ITB in a 14-year period, 137 complications occurred in 25%
(Motta & Antonello, 2014).

The purpose of this study is to give a detailed account of the
most frequently encountered complications, catheter- and pump-
associated problems and define their risk factors.

2 | MATERIALS AND METHODS

We retrospectively evaluated all patients with an intrathecal ITB-
device, who were treated at our Department of Neurology, between
01.01.2006 and 31.12.2016. Patients of any age and receiving
care bothin inpatient as well as in outpatient hospital setting were
included.

ITB-pump-related surgical interventions were classified as “pri-
mary implantation procedure” (pump implantation for the first time)
and “replacement procedure” (pump surgery: replacement due to end
of battery life 72 months after implantation at the earliest or revision
because of a complication; catheter-only-revision after a complica-
tion; exchange of the entire system) according to earlier published
studies (Awaad et al., 2012; Borrini et al., 2014). The retrospective
analysis was done by reviewing patient’s medical history and the
data provided in our ITB-dedicated register, which was implemented
in 01.01.2006. Exclusion criteria were insufficient patient data. The
majority of patients were admitted for ITB-evaluation, presurgical
and postsurgical care as well as follow-up after implantation of the
ITB-pump. The remaining patients were referred because of an oc-
curring complication for diagnostic work-up and treatment but fol-
lowed up at their local district hospital. According to earlier published

studies, complications were divided into procedure-related and
device-related complications, the latter into catheter- and pump-
associated complications (Guillaume, Van Havenbergh, Vloeberghs,
Vidal, & Roeste, 2005; Kolaski & Logan, 2007; Rawlins, 2004).
Procedure-associated problems were defined as related to the sur-
gical intervention occurring within the first 2 months after a surgical
intervention and thus most likely being associated with the surgi-
cal intervention, such as scar complications, subcutaneous seroma,
infections, or cerebrospinal fluid (CSF) leakages. Device-associated
problems include complications related to the catheter or the pump
and were classified as “early” when they occurred within the first
2 months or “late” when occurring later than 2 months after the sur-
gical intervention.

We collected clinical data in all included patients: demographic
information, spinal versus supraspinal localization of lesion respon-
sible for the spasticity and data of any previous ITB-device-related
surgery. Moreover, the type of the implanted catheter (Ascenda®
catheter/Model 8781 vs. other catheter types) and the following
parameters at steady-state of ITB were assessed: Ashworth Scale,
modified Rankin Scale, Barthel Index, the median ITB-dosage, me-
dian ITB-concentration, flow rate of ITB, mode of application, flow
rate of ITB, and last follow-up. In patients admitted more than once,
the follow-up was defined as period in months between the first and
last consultation at our department. In patients with complications,
we analyzed the number and type of complications, as well as the
type of intervention. Patients with a suspected complication under-
went a comprehensive diagnostic work-up including the evaluation
of the clinical response to ITB, laboratory test and imaging (depend-
ing on the clinical situation conventional x-ray, computer tomogra-
phy without or with contrasting agent, magnet resonance imaging
or fluoroscopy). If the aetiology of the complication still remained
unclear, a surgical exploration was done. In patients with a complica-
tion, we calculated the duration of the hospital stay from admission
to the day of a consecutive intervention (revision surgery, surgical
exploration, or nonsurgical intervention). Moreover, the time from
the initial ITB-device implantation and from the last ITB-related sur-
gery respectively to any occurring complication during the obser-
vational period was calculated in all patients with complications. In

addition, risk factors for sustaining a complication were analyzed.

2.1 | Statistical analysis

Data were summarized in cross tables, and medians and interquartile
ranges were calculated for ordinal variables, such as modified Rankin
Scale, Barthel Index, or Asworth Scale. Complication and incident
rates for the occurrence of complications were calculated and odds
ratios comparing different subgroups regarding complication fre-
quency were given. Since there were three patients with two compli-
cations, statistical analysis was conducted with cases including the
second complication. Odds ratios for ordinal risk factors were ob-
tained by dichotomizing the respective risk factor using the overall
median value as the cut-off threshold. The influence of risk factors
on the occurrence of complications was tested by chi-squared test
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for nominal and by Mann-Whitney U test for ordinal risk factors. A
significance level of a = .05 (2-tailed) was applied. Statistical analy-
ses were performed using SPSS, version 22.0 (IBM Corp., Armonk,
NY, USA).

According to our country’s law on retrospective research, this
study did not require the approval of the ethics committee, but
was performed based on ethical standards of the “World Medical
Helsinki

cies-post/wma-declaration-of-helsinki-ethical-principles-for-medi-

Association Declaration”  (https://www.wma.net/poli-

cal-research-involving-human-subjects/).

3 | RESULTS

One hundred and thirty-six patients with an ITB-pump were treated
within the given 11-year period at our neurorehabilitation depart-
ment. One hundred and sixteen patients (77 men and 39 women,
mean age at implantation 39 + 16.7 years, range 2-77 years) en-
tered the final analysis. The location of lesion responsible for the
spasticity was supraspinal in 73/116 (60%) patients with traumatic
etiology in 34/116, hypoxic in 16/116, and 23/116 had other etiolo-
gies (seven infantile cerebral palsy, six intracerebral hemorrhage,
four ischemic lesions, three subarachnoidal hemorrhage, one stiff
person syndrome, one extra-/pontine myelinolysis, one undeter-
mined neurodegenerative disease). Forty-three of 116 (40%) pa-
tients had a spinal lesion as origin of spasticity (18 traumatic, 14
multiple sclerosis, four sporadic spastic paralysis, three hereditary
spastic paralysis, one disc herniation, one ischemic lesion, one my-
elopathy due to extradural granuloma, one undetermined spastic
paraplegia). Patients’ characteristics and further clinical information
are displayed in Table 1.

One hundred and eight of 116 primary implantation procedures
as well as surgical management of all complications were performed
at the Department of Neurosurgery, 8/116 ITB-pumps were im-
planted in another neurosurgical department. Overall, 143 surgical
procedures were performed period within the 11-year observa-
tional period: 82 implantations of the ITB-pump for the first time
(the remaining 34 implantations were done before 01.01.2006), 35
replacement-surgeries due to end of battery life (one time in 29 pa-
tients, two times in three patients) and 26 revision procedures due
to a complication (two times in three patients each). Seventy-seven
intrathecal catheter types other than an Ascenda® (Model 8781)
catheter were implanted. The median Ashworth Scale of all included
patients at steady-state of ITB was 4 (interquartile range [IQR] 3-
4), the median modified Ranking Scale 5 (IQR 4-5) and the median
Barthel Index O (IQR 0-54). The median ITB-dosage was 200 ug/d
(IQR 129-320) at steady-state of ITB, the median ITB-concentration
2000 pg/ml (IQR 500-2000; 82/116 2000 pg/ml, 30/116 500 pg/
ml, 2/116 1000 pg/ml, 1/116 1250 pg/ml, 1/116 250 pg/ml) and
the median flow rate 6.3 pl/hr (IQR 3.5-10.4) (see also Table 1). The
mode of application after reaching steady-state of ITB was contin-
uous in 95% and flex mode in 5% patients. The median follow-up
was 42 months (IQR 17-91, mean 56 months), comprising 506 pump
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TABLE 1 Demographic patients’ characteristics and further
clinical information

Patient characteristics

Age at implantation (mean + standard deviation; 39+16.7
years)
Sex (women/men; n) 39/77
Pathologic disorders
Supraspinal [n/%]
Traumatic brain injury 34/29%
Cerebral hypoxia 16/14%
Cerebral palsy 7/6%
Intracerebral hemorrhage 6/5%
Ischemic stroke 4/3%
Subarachnoidal hemorrhage 3/3%
Stiff person syndrome 1/1%
Extra-/pontine myelinolysis 1/1%
Unknown neurodegenerative disease 1/1%
Spinal [n/%]
Traumatic spinal injury 18/15%
Multiple sclerosis 14/12%
Spastic paralysis 7/6%
Disc herniatio 1/1%
Ischemic lesion 1/1%
Myelopathy due to extradural granuloma 1/1%
Spastic paresis of unclear etiology 1/1%
Investigated parameters®
Median modified Rankin Scale (IQR) 5(4-5)
Median Barthel Index (IQR) 0 (0-54)
Median ITB-dosage (IQR) [pg/day] 200
(129-320)
Median ITB-concentration (IQR) [pg/ml] 2,000
(500-2,000)
Median flow rate (IQR) [pl/hr] 6.3(3.5-10.4)
Median Ashworth Scale (IQR) 4 (3-4)
Catheter type [Ascenda®, Model 8,781/other 39/77

types; n/%)

IQR, interquartile range; ITB, intrathecal baclofen.
*The medians of the investigated parameter were calculated on basis of
the patient population.

years. Seven patients died during follow-up (one suicide, three se-
vere pneumonia, three sepsis). There was no permanent morbidity

or death related to the ITB-pump-complication.

3.1 | Complications

Thirty-two complications occurred in 29/116 patients during the
11-year study period. Three patients experienced two complications
each. Five of 32 (16%) complications were related to surgical proce-
dures and 27/32 (84%) were device-related (23 catheter-associated
problems, four pump-associated problems). Procedure-related
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complications contained two pump site infections and three CSF
leakages. Catheter-related problems were: nine dislocations (in eight
patients), three CSF leakages, five disconnections, three kinks, one
break, and two unknown catheter dysfunctions. Pump-related prob-
lems were caused by hypermobility (1/32) and by pump site infec-
tions (3/32 in three patients). Six of 27 device-associated problems
were early complications (three CSF leakages, three pump site infec-
tions), the remaining 21/27 were late device-related complications.

The diagnostic work-up resulted in 24/29 patients with compli-
cations in 27 revision procedures: 11 exchanges of the entire device
in 11 patients, 14 revisions of the catheter in 13 patients (nine entire
catheter, four distal segment, one swap of proximal segment) and
two exchanges of the pump in two patients. In three patients a non-
surgical intervention was performed (application of blood patches in
two patients and abdominal compression in one patient). In two pa-
tients, a surgical exploration revealed no obvious reason for the dys-
function of the entire system; thereafter, in one patient the device
functioned normally again (thus catheter kinking suspected as most
likely etiology), in the other patient the ITB-pump was explanted
after an interdisciplinary decision due to functional worsening of
a hemispastic syndrome. In patients with a complication, the me-
dian duration of the hospital stay from admission to the consecutive
interventional procedure to resolve the complication was 5 (IQR 2-
13.75) days. Further details of patients with a complication are given
in Table 2.

The complication rate after implantation of an ITB-pump was
0.063 per pump year for any type of complication in the 11-year
follow-up of our patient group, for surgical-related complications
0.01 per pump year and for device-related problems 0.053 per pump
year respectively. Per implantation, the complication rate was 0.24.
Twenty of 32 complications occurred after the first implantation of
the device, and 12/32 complications after scheduled replacement
surgeries due to end of battery life or replacement surgeries due to
revision. Here, statistical analysis revealed no significant increase in
complications after the initial implantation of the device compared
to replacement surgeries. The median time from the last ITB-related
surgery to the first complication was 18 (IQR 1-57) months. Overall,
15/32 (47%) complications occurred within the first 12 months after
the last surgical intervention regarding the ITB system, thereof 8/32
(25%) complications in the first month (5 after first implantation, 3
after replacement) (Figures 1 and 2).

3.2 | Risk factors for complications

Analysis revealed a significant association between occurrence of a
complication and a spinal localization of lesion responsible for the
spasticity (OR 2.71, p =.021), whereas sex (p =.663, age (p = .304)
were not significantly related to a complication. Furthermore, there
was a significant difference regarding the independence in activi-
ties of daily life in patients with complications compared to patients
without complications (Barthel Index 53 [IQR 0-75] vs. O [IQR 35-
0]; OR 2.84, p =.006). Patients with a complication also differed
significantly in the modified Rankin Scale from patients without

a complication (4 [IQR 4-5] vs. 5 [IQR 4-5]; OR 2.86, p =.015). No
significant differences in both patient groups were found regarding
spasticity (Ashworth Scale 4 vs. 3, p = .381) and flow rate (5.6 ul/hr
vs. 7.9, p = .065).

A subgroup analysis on the 21 patients with 22 catheter-
related complications revealed that other catheter types than an
Ascenda® catheter (introduced in 2010, Model 8781) were also
identified as a risk factor (19/73, 26% vs. 3/36, 8%; OR 3.87,
p =.041).

4 | DISCUSSION

This study provides a systematic assessment of procedure- and
device-related complications after implantation of an ITB-pump
in a large patient cohort. Twenty-five per cent of the patients had
complications, most frequently catheter-associated problems in our
series, followed by procedure- and pump-related complications. Risk
factors were a spinal lesion, older catheter types, a lower modified
Rankin Scale and a higher Barthel Index. About half of the complica-
tions occurred within the first 12 months after any ITB-related sur-
gery, half of these occurring within the first month.

Comparison of our results with previously published papers
is limited due to the variety of different methodologies, study-
populations, included types of adverse events and duration of fol-
low-up. The review of 32 full-length manuscripts and 10 case reports
published by Stetkarova and co-workers in 2010 also focused exclu-
sively on procedure-, pump-, and catheter-related complications of
ITB-administration (Stetkarova et al., 2010). Complication rates var-
ied widely among the studies with a mean complication rate of 0.41
per implantation but ranging from 0-2.24 per implantation across
the reviewed studies. The complication rate after implantation of
an ITB-pump was 0.24 per implantation in our study cohort, thus
lying within the reported range. The authors found higher complica-
tion rates in centers with a longer mean follow-up than 18 months
(0.56 £ 0.56 vs. 0.23 £ 0.19). With regard to our mean follow-up of
56 months, our complication rate lies at the lower part of the range.

Based on the results of our study, we found a nearly threefold
increased risk of a complication in patients with a spinal localization
of lesion responsible for the spasticity versus supraspinal localiza-
tion. This is in contrast with Borrini and coworkers who reported no
significant correlation between localization of lesion and occurrence
of adverse events (Borrini et al., 2014). The reason for this discor-
dant finding is not clear, possibly methodological differences might
play arole as the study period was only 1 year and median follow-up
duration was substantially shorter (10 months vs. 42 months in our
cohort). In our study group, a higher Barthel Index regarding the in-
dependence in activities of daily life and a lower modified Rankin
Scale related to the ambulatory status were both associated with a
nearly threefold increased risk for sustaining a complication. This is
also in contrast with Borrini and coworkers who did not find a signif-
icant correlation with the ambulatory status. The results of our study
might be supported by findings of a Russian working group analysing



50f9

(senuijuo))

18/8 [ 26S 0 [ WID)SAS 2413ud Jo a3ueyox3 3ui3ew] oN [ord uol13294ul 9}1s dwnd eIxodAH 1C
> uol3ounysAp
W_._ 1848 S S'ce 00T T Jusw3as [e3sip Jo d3ueydx3 SusIs ou :[YIN VLT'T J93943ed UMOUNUN dS (o4
- JuaWsas |eysip Jo
W 11/8 S ez 0 S J939Y38d 2413Ud Jo d8ueydx3 susis ou :Adodsouon|4 868 uo13ed0[SIp J333Y3eD) 191 6T
_ Jusw3as |ewixouad uol323UuU0dsIp
< 9658/60L8 ¥ €¢C (017 ¥ pue duwind jo a3ueyax3 uo323uuodsip ¥ x p0LY'T 191943eD HOI 8T
. uol3ed0|sip
m :Adodsouon|4 Jusw3as |eisip Jo
lm TT/8 14 Te 0 S JusWSas [e3sip Jo a8ueydxy uoneso|sip :2+1D 14 UOIIEDO[SIP J9313Y3e) HVS LT
mlm JSIE/8 [ €8 0 [ wa3sAs aJ1jus Jo a3ueyoxy 3ujSew] oN 89¢ uol13994ul 931s dwngd eIxodAH 91
5 18/8 ¥ v 0 S wajsAs aJpua Jo a8ueyoxy SuiSewr oN 92 uol32a9jul 831s dwng dd ST
c
.m su3Is ou yYD+1D JuLW3as |e3sip Jo
= JST€EL8 T Lc SL 14 Juswi3as [e3sip Jo a3ueydx3 €738 191943ed X LS9 UOIJeJ0[SIp J3313Y3eD ISL 14
1848 14 L (014 S 1919382 2413UD JO 93UeydX] SUSIS OU 1Y D+1D B ¥X ¥9¢€ supjupf 1938y3eD S €1
JuaWS8as |e1sip Jo
JSTEL8 € (A1 74 14 J19)2Y3e2 3413US JO d5UEYdX] susis ou iyx p8C uoljedojsip J3319y3ie) ISL eCl
JusW3as [e1sip Jo
OSTEL8 € c6l 74 14 Ja32y3e2 413U Jo 95UBYIX] 3ui3ewi oN ce UOIIEDO[SIP J3312Y3e) ISL elT
1148 S 6C¢C 0 S Jusw3as [e3sip Jo d3ueydx3 SUSIS OU 1Y D+YX GTT Supjupy Ja3ayred 9L (0)4
uoduUNYsAp elwayods!
JSTE/8 ¥ WA oe ¥ wajsAs aJpua Jo a8ueyoxy susis oN :Adodsoton| /YT J939Y3ed UMOWUN Jeurds 6
JST€EL8 14 9y 0 14 UoIsiAa4 ON SUSIS OU Y D+YX 561 3upjupf 1933y1ed 191 8
JSTEL8 14 L9 4 14 dwnd jo uonejue|dx3 SuiSew oN 891 uoijaajul ais duing HOI L
uolnjeluay
9658/60.L8 0 T's S9 14 dwnd Jo a3ueyox3 suisewl oN p7788 uoi3oa4ul 93is duing Isid e9
uo1329UU0dSIp uoljeluiay
9658/60.L8 0 8'0T S9 14 1939y 2413U8 JO S3UeYdXT SuiSewi oN pLEL 1313y43eD asid S
9658/60L8 4 9'8T 09 ¥ wa3sAs aa13ua Jo a8ueydxy sujSew oN T8t (o7€]) 93B3 R3] 4SO eixodAH 4
OSTEL8 14 14°14 08 € 3uiyored 3uiSewi oN I (AlJes) a3exes| 45D ISL €
JuawWsas |e1sip Jo
JSTEL8 1% 8's 0 S Ja33Y3e2 3413Ud JO S5UBYIXT UoREd0|SIp <13 4% UOIIED0[SIP J3313Y3ED 191 4
JuaWSas |eysip Jo
5 JST€L8 4 6 S6 4 1913382 2413US JO a8UeYIX] uoneso|sip :yx 9 UOIIED0[SIP J9313y3e) dS T
<
m J91ayled a|eas [ay/M] Xxapul 9]eas upjuey 21npasoid SuiBew| [sAep] uoneddwo) A3o|oyied ON
m ypiomyse  3jel moj) 1ayyieq paijipow qHUDAS 03 Wl |
m_ uelpsiy uelpajy uelpsiy uelpsiy
O
2 suol1ed1dwod Zg Yy3im siuaiied 4z ay3 JO S1032e) 3SIi pa1edI3SaAUl Uo uoljew ojul pue ejep [ediuld) g 319V.L




PUCKS-FAES €T AL.

Open Access,

1or

MWI LEY_Brain and Behav

JST€EL8

OSTEL8
JSTEL8

JSTEL8

JST€EL8

OSTEL8
18/8

JST€EL8

1148

JSTEL8

18/8

SESETT )

S

aeas
yriomyse
uelpajy

€8

[
(0

4]

(0"

cL
LT

9Vl

61T
€9

S,

[au/ ]
2jeJ Mo}
ueipajy

(0

08
SL9

09

(00)9

(00) %

G8

74

S

xapul
[2yieq
ueipsy

(SUOIIUBAIBIUI [BDISINS-UOU JO [€D]31NS) UOIJUSAIDIUL DAIINISUOD € JO 3}ep BY) 0} 31| AI2}E] JO PUD 0} aNp dems D1A3P P3INPaYS,

S
3leds upjuey
payipow
ueipajy

"A1984ns uoisiAal 10 uoljejueldwi IS4,

"2npa20.d [e2181NS 3SE| BY3 WO PIIR[NI|ED SEM JUDAS 03 BWI |,

‘yoea sjualjed ¢ ul suopeddwod g,

‘AeJ-X [BUOIJUDAUOD “YX ‘Adnful |eurds o1zewned) ‘|51 ‘Aunful uteaq o1jewnedy ‘|g ] ‘sisAjesed oi3seds ‘4s ‘a8eydioway
|eplouydeseqns ‘Hys uoijedjdwod Jo Jaqunu ‘oON :s1s049]2s a|dinw ‘Sl BuiSew| adueuosal Jpudew ‘YA ‘AydesSowol Jaandwod 1) pinjy [euldsouqauad ‘S ‘Asjed [eagauad 4D Juasde Sulisejuod ‘yd

Jusw3as |ewixoud
pue dwnd jo aSueyox3

1939Y3ed a413ud Jo 93ueydx3y

928ueydxs dwng

Wwia3sAs 2413ud Jo a8ueyox3

wa3sAs aJ1jus Jo a3ueyoxy

wa)SAs a413ua Jo a3ueyoxy

Suiyojed

wa3sAs au1jua Jo a3ueyoxy

193943 413U Jo a8ueydx3

uolssaidwod |esodiodelxy

Jusaw8as
Jewixo.d jo a8ueyox3y

2inpaso.d

su8is ou :yx

3uiSew] oN
SuiSewr oN

o3exes| YD + 1D
suis ou 1y + ¥X

doo|:1D
uoI323UU0dSIP *YX

Su8Is ou :yYD+1D

a8exes| (YN
15e43U0D
|eJnpeJiul ou yyD+1D

sudIsou ] DY ¥YX

SuiSewr oN

sugisou:lD

SuiSew

0L2°C

ol
,€89'T

,002'C
W6LTT

850°C
144

00LS'T
ob98'T

91

€¢

[sAep]
qPUSAS 03 Bl

(93€]) 28€3E3] 45D HVS ce

JuDW3as |e3sip Jo
uo13ed0[SIp J313Y3eD) ISL 1€
AyjiqowsadAy dwng ISL  .0€
(91€]) 93e)E3] 45D ISL e6C

Uo01329UU0dSIp
J919y438D) ds 8¢

JuaWSas |eysip Jo
uo|1ed0|sIp J1a3ay31ed gL x4
(Aj1e9) a8e5E3] 45D ds 9¢
yeauq Ja3ayied dsS 14

Uo01329UU0dSIp
J919438D) ISL 144
(Aj1e9) 28e5E3| 45D eixodAH €¢

juawdas

|lewixoud jo uoi}
-D3UU0dsIp J333y3leD) SN [44

uonesidwo) ASojoyred ON

(penunuod) z 3714VL



PUCKS-FAES €T AL.

50%

Brai . 7 of 9
rain and Behavior —WI LEYJ—

Open Access,

45%
40%
35%
30%
25%
20%
FIGURE 1 Temporal distribution of 2%
occurring complications within the first 10%
7 years after the last intrathecal baclofen
(ITB)-related surgical procedure (first

implantation surgery, replacement surgery 0%

due to end of battery life or due to a
revision after a complication)

percentage of complications

5%

time to event (years)

30%
25%
2
2 20%
3
g
£
S 15%
5
L
g
£ 10%
FIGURE 2 Temporal distribution 8
[
of occurring complications within the o .
first 12 months after the last surgical 5%
procedure (first implantation surgery,
replacement surgery due to end of 0%
battery life or due to a revision after a 28 56

complication)

complications in 12/52 (23%) patients after ITB-device implantation
(Paskhin, Dekopov, Tomsky, Isagulyan, & Salova, 2017): 5/12 com-
plications were caused by catheter migration and the authors iden-
tified patients with severe dystonia of the trunk muscles to have an
increased risk of spinal catheter migrations. Accordingly, the degree
of independence and mobility represented with the Barthel Index
and the modified Rankin Scale might be correlated with the occur-
rence of catheter problems based on mechanical stress.

In our cohort, no significant association was found between
occurrence of an adverse event and gender, which is in line with a
previous report (Borrini et al., 2014). Also age was no risk factor for
a complication in our study which is in contrast with a previously
published paper (Motta et al., 2007): in the study of Motta and co-
workers, complications were statistically more likely in patients with
an age of 10 years and younger. This might be related to the by far
lower mean age of 13.7 £ 5.7 years of the 200 children and adoles-
cents in their study compared to ours (mean age 39 + 16.7 years). An
Ashworth Scale higher than 3 was a further risk factor in this study
whereas we did not find a significant difference of the Ashworth

Scale in patients with and without complications. The divergent

84 112 140 168

T T T T T .

196 224 252 280 308 336 364
time to event (days)

results might be explained by the different patient population, as
about 90% of included patients in the study of Motta and coworkers
were affected by cerebral palsy with thus clinically dominating dys-
tonia, whereas we included a more mixed patient population with a
traumatic etiology in more than half of the patients.

The impact of dose and concentration of intrathecally adminis-
tered drugs on catheter tip granuloma is still discussed controver-
sially. A direct correlation with high concentrations or high dose
opiate drugs was suggested (Coffey & Burchiel, 2002; Yaksh et al.,
2002), but also an association between intrathecal granulomas and
low doses and concentrations of hydromorphone (Veizi et al., 2016)
reported. We analyzed a possible association between the flow rate
of ITB and possibly mechanically driven complications and found no
relation to occurring complications.

Motta and coworkers compared complications before and after
the introduction of the Ascenda® catheter for the first time in pae-
diatric patients recently (Motta & Antonello, 2016): 120/416 (29%)
children with silicone catheters sustained major complications (in-
fections, leakages, catheter-related problems), but only 1/92 chil-

dren with an Ascenda® catheter (leakage). We could confirm these
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results in our study as an implanted Ascenda® catheter was asso-
ciated with an approximately fourfold decreased risk for catheter-
related complications, most likely the consequence of technological
improvements of the Ascenda® catheter.

In our cohort, half of the complications occurred within the first
12 months after any ITB-related surgery, after primary implantation
procedures as well as replacement procedures due to end of bat-
tery life or revision likewise, within the first month a quarter of the
complications. Also Motta and coworkers did not observe a different
event rate after initial device-implantations compared to complica-
tions after replacement surgeries (Motta & Antonello, 2014). Thus,
the critical period is the first year and especially the first month after
any ITB-related surgery.

4.1 | Study limitations

Limitations of our study are: First of all, the retrospective assess-
ment of the data has to be taken into account. Furthermore, the
investigated patients of our rehabilitation center during the study
period comprise a mixed patient population regarding the differ-
ent etiologies of spasticity. Moreover, the follow-up periods varied
widely among the patients as all patients with an intrathecal ITB-
device and any treatment at our department (once only admissions
as well as regular admissions) during the observational period were
included.

Care of patients with an ITB-device requires a highly specialized,
interdisciplinary operating, experienced staff of neurologists, neu-
rosurgeons, nurses, and physiotherapists. Knowledge of adverse
events and their risk factors is necessary for patient counseling
about risks and benefits before and adequate care after the implan-
tation of the ITB-device. A spinal localization of lesion, other cathe-
ter types than an Ascenda® catheter, a lower modified Rankin Scale
and a higher Barthel Index are most predictive for sustaining a com-
plication. Based on the results of our study, the following measures
might be taken to avoid as well as identify complications as early
as possible: 1. Appropriate care of high-risk patients i.e. (i) patients
with a spinal localization of lesion combined with a higher Bartel
Index, possibly related to the ability to participate in the extended
activities of daily life and (ii) patients with less impairment of the
ambulatory status and therefore, a higher grade of trunk mobility
2. Use of newer catheter types which might be helpful to reduce
complications according to improvements of the catheter material.
3. The temporal distribution of complications might be helpful when
scheduling postsurgical care and follow-up after the first implanta-
tion of the ITB-device as well as any replacement surgery.

Further prospective multicenter studies are necessary to evalu-
ate risks and safety issues of treatment with an ITB-device in order
to improve the risk management of complications related to the
ITB-device.
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